The QClamp® BRAF Codon Specific Mutation Detection Kit is a real-time PCR assay for the detection of somatic mutations in codon 600 Valine at exon 15 in the BRAF gene which encodes the serine/threonine protein kinase, using purified DNA. The V600E mutation is the most common BRAF gene mutation found in human cancers. This mutation leads to production of a BRAF protein that is abnormally active, which disrupts regulation of cell growth and division. Mutations in this gene have been found in cancers, including non-Hodgkin lymphoma, colorectal cancer, malignant melanoma, papillary thyroid carcinoma, non-small-cell lung carcinoma, gastric cancer, and even prostate cancer. Currently, the established qPCR protocol for the QClamp® BRAF Mutation Detection Assay is comprised of a 4-step procedure: Denaturation, XNA Annealing, Primer Annealing and Extension. The purpose of this experiment was to test the feasibility of optimizing this assay to a more efficient and faster 2-step Real-time PCR which has just the Denaturation and the Primer Annealing/Extension steps. Optimization was attempted on both the ABI-QS5 and LC480 thermocycling instruments using parallel testing. The newly established 2-step thermocycling parameters were successfully tested and validated on the ABI-QS5 instrument. For the LC480, however, the experiment was not successful. This result might be due to the different platforms and technologies of the two instruments. Further research is needed to develop the mutational status scoring and acceptance criteria for clinical samples on the ABI-QS5, and to complete the development of the 2-step qPCR protocol individually on the LC480, and also, to study the effects of factors such as temperature, ramp rates, PCR enzymes/master mix, primer/probes and XNA concentrations for both ABI-QS5, and the LC480.
Purpose
The QClamp® BRAF Codon Specific Mutation Test in Codon 600 Real-time PCR (qPCR) assay was developed and validated on several of the ABI instruments and the Roche Light-Cycler platforms using traditional cycling steps:
Denaturation, XNA Annealing, Primer Annealing and Extension. In this experiment, the focus was to maximize throughput and to optimize this assay to a faster PCR test by using the 2-Step Real-time PCR (qPCR) protocol with just Denaturation, and Annealing/Extension parameters.
Materials
The BRAF Codon Specific Mutation Test in Codon 600 Kit reagents were used in this experiment. The assay detects specific changes in Codon 600 as depicted in the Table-1: The following tables list all the materials (samples, controls, reagents) in the kit, and the instruments used in the experiment: 
Methods
The current 4-Step with Melt Curve protocol is set as listed in Table -5 for each assay run on the ABI instruments. Meanwhile, Nuclease-Free Water, plated at the end at column 12 were run. The temperature gradient range was set from 61 o C to 68 o C/30sec.
2). Optimization Experiments performed on both the ABI QS5 and LC480 instruments by running parallel tests:
From the results obtained in the Temperature Gradient Analysis, the optimal temperature selected was 63 o C. The previous 4-step PCR protocol was reduced to a 2-step qPCR protocol as listed in the following Table -7: Optimization of PCR was attempted for both the ABI-QS5 and LC480 cyclers simultaneously with same set of CC, PC and NTC samples, all tested in triplicates.
3). Evaluation of Reproducibility, and Assay Precision:
To assess the Intra-Assay Precision, replicate results of the same sample in results of the same set of PC, and CC samples tested in separate runs, and on different days using the same instrument, the ABI-QS5. Data were calculated; standard deviation (SD) and coefficient of variation (%CV) values were produced to evaluate assay reproducibility/precision.
4). Limit of Detection (LOD) Test:
Reference Mutant DNA Templates was diluted with the WT DNA Templates (CC)
to obtain a Positive Mutant DNA sample of 0.5% mutant allelic frequency at 5ng DNA input. This diluted sample was then run along with a Clamping Control (CC), repeatedly 10 times each for the study of LOD.
5). Accuracy study using CAP samples:
To evaluate the accuracy of our method on the ABI-QS5, a panel of 4 previously tested CAP proficiency testing samples with known results were tested along with the Negative Clamping (CC) and Positive Control (PC), all in duplicates plus 1 Non-Template Control (NTC) using the newly established 2-step qPCR protocol. Results were observed and compared with known values.
Results
In this experiment, the assay generates a cycle threshold (Ct) value for each sample at both the FAM and HEX (the 2 dyes used by the thermal cyclers) channels. FAM dye is used to detect the BRAF amplification of WT and Mutant DNA whereas the HEX dye is used to detect the Beta Actin gene amplification, which acts as the Internal Control (IC). When assessed using the HEX channel, internal control should make amplicons efficiently for all samples and controls except NTC, providing a way to monitor performance of the primers, probes, polymerase, and sample DNA quality/quantity. Ct is the cycle number at which a signal is detected above the set threshold for fluorescence. The lower the Ct, the stronger the PCR reaction it represents. Since this is a newly developed 2-step qPCR protocol using the QClamp® BRAF Codon 600 Specific Mutation Detection Kit, no set criteria have been established for result interpretation, therefore, the following guidelines were set for the validity of the experiment.
These acceptance criteria were derived from previous in-house experiments and studies with this kit and similar assays using the same testing platforms.
Data Analysis
Acceptance Guidelines:
The Ct of the Clamping Control (CC) with each of the mutation reaction mixes should be at least 5 Ct greater than the Ct of the Positive Control (PC) with the same reaction mix, observed in the FAM channel:
CCCt -PCCt must be >5.00
This ΔCt value of >5.00 was chosen so that enough variation gap is allowed to distinguish between Negative and Positive samples. In addition, the validity of the assay is assured with the use of the Ct value from the Internal Control (IC) mix. The Ct values for the Internal Control (observed in the HEX channel) should be in the range of 25< Ct <31 for all samples:
ICCt should be = 25 < Ct < 31
If these criteria are not met, the PCR assay did not work, and the results are invalid.
Experimental Results
The Temperature Gradient Analysis was successful with a single run on the LC96, and the optimal annealing-extension temperature was established at 63 o C based on the highest ΔCt (threshold cycle) value calculated from the BRAF V600
WT, and the BRAF V600 PC results at column 4 (position A4 and B4). Hence the optimal temperature obtained was of the highest ΔCt value 6.37 ( Figure -3 and Table -8 ). The optimization experiment was carried out on both the ABI-QS5 and LC480 at first using the 63 o C/30sec for annealing and extension parameter. Test results were acceptable but not optimal for the ABI-QS5 (ΔCt values were around 5), and there was no DNA amplification observed at all on the LC480.
Since previously tested and validated data obtained in-house shown that usually, the LC480 runs optimally at 2 o C lower than the ABI-QS5, the annealing/extension temperature was modified to 61 o C for the LC480 on subsequent runs, and the Comparison Study. However, optimization on the LC480 could not be completed with the newly established 2-step qPCR protocol. As a result, validation proceeded on the ABI-QS5 only and the results were as followed:
Precision:
The acceptance criteria for precision was that ΔCt values obtained satisfied the cut-off value for distinguishing positive from negative mutations, and the range of ΔCt results is acceptable and within ± 2SD (standard deviation) of the mean.
Although the %CV is slightly high due to the small set of data, the tested range of ΔCt values is well within the 95% of Normal Distribution curve as seen in Fig-2 below:
ΔCt values 
Limit of Detection (LOD):
For the evaluation of LOD, reference DNA samples of 0.5% mutant allelic frequency with 5ng DNA input was utilized and run a total of 10 times along with the Clamping Control (CC Table- sample were tested positive using the 2-Step qPCR protocol on the ABI-QS5.
Therefore, 0.5% mutation frequency can be readily detected at 5 ng DNA input.
Further studies will be needed to test if the assay can detect mutations at lower allelic frequencies than 0.5%.
Accuracy:
Four CAP specimens, Sample 1: 15A002, Sample 2: 16A054, Sample 3: 16A055
and Sample 4: 16A056 were run in duplicates each, along with a CC, a PC and 1 NTC control samples for accuracy study and clinical evaluation. All IC Ct values in the Hex channel = 25 < Ct < 31, which met the acceptance criteria and validated the assay. CAP results were in concordance with the expected values: S1 and S4 were negative, and S2 and S3 tested positive for BRAF c600 mutant gene.
Based on the "Gaussian Distribution" model and the formula: Mean ± (1.96 x SD), and with the calculated total SD and the ΔCt total average of 9.27 (Table - 9), the mutational status score was calculated as 9.27 -(1.96 x 1.83) = 5.68.
Therefore, the mutational status can be determined as followed:
ΔCt < 5.68 = Positive, and ΔCt ≥ 5.68 = Negative.
From the given data, the average ΔCt value for Positive CAP samples was calculated as 0.29 for S2, and 2.93 for S3 with IC Ct values ranged from 27.30 -27.84. The ΔCt values total average for Negative CAP samples S1 and S4 were 8.40 and 12.98 respectively. All results met the acceptance criteria set for this experiment ( Table -10 ). 
Discussion and Conclusion
From this experiment, we can see that the "Proof of Concept" (PoC) study Additionally, a better understanding of the effects of factors such as temperature, ramp rates, PCR enzymes/master mix, primer/probes and XNA concentrations
can be further studied and tested out more extensively in future research for the optimization of the 2-step qPCR protocol in general, and for the optimization of the Light-Cycler platforms specifically, since cycling protocol that works on one brand of instrument may not necessarily work on another.
